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at present be considered how suclh chlanges are to be measured, nor what statistical indices to the chaniges of (2)-(4) are to be used. Then suppose a characteristic or regression equation to be formed from these data, in the way described in my previous paper, first betweeni the changes in pauperism anid changes in proportion of out-relief only.
This (1) This equLatioin wouLld suffer from the disadvanitage of the possibility of a double interpretation, as meintioned above: the association of the changes of pauLperism with chianges in proportion of out-relief might be ascribed either to a direct action of the latter on the former, or to a comiimon association of both with economic and social changes. Blt lnow let all the other variables tabulated be brought into the equation, it will then be of the formchange in pauperism= a + b x (change in proportion of out-relief) + c x (change in age distribution) f
+ e x changes in other ecolnomic, social, and moral factors +fx J Any double interpretation is now-very largely at all eventsexcluded. It cannot be argued that the changes in pauperism and out-relief are both due to the changes in age distribution, for that has been separately allowed for in the third term on the righlt; b x (change in proportion of out-relief) gives the change due to this factor when all the others are kept constant. There is still a certain chance of error depending on thle number of factors correlated both with pauperism and with proportion of out-relief which have been omitted, but obviously this chance of error will be much smaller than before.
The problems that I desired to solve by the present investigation may be stated as follows:
( and Mr. Burt's5 return shows that it is after 65 that the rapid increase in pauperism begins. The percentage of the population 65 years of age and over was evaluated from the census returns for every union, and tlabulated for the same three years.6 This percentage of the population over 665 I call the " Proportion of Old." (4.) Other Factors.-The selection of statistical measures for changes in economic, social, or moral factors is, as already mentioned, a point of much greater difficulty.
It must be remembered that we do not require melely an average measure for the whole country, such as is afforded by the statistics of exports and imports, but a measure applicable to each individual union. A measure of moral changes I have at present made no attempt to get. The first that occurred to me to try for chaanges in wealth and prosperity, was the rateable value of the union per head of the population. I had found this to be stiongly negatively correlated with pauperism (high value corresponding to loW pauperism) in a group of rural unions in 1891, and hoped that changes in the rateable -value would serve as well with changes in pauperism. A good deal of time and labour was spent in making trial of this idea, but the results proved unsatisfactory, and finally the measure was abandoned altogether. Local assessments are, I believe, somewhat notoriously unsatisfactory, and probably the changes in assessment in rural unions are very sluggish in their movements.7
After this I hacd resort to quite a different measure or index, viz., simply the changes in popuilation. One might obviously expect these changes to be in many ways important.
A union with a rapidly increasing population would seem to be in a state of increasing prosperity.
At the same time the character of its industries and the density of its population are also cha-nging, anld these changes may have some effect not only on pauperism but on administration. Mr. Loch has several times put forward the view of changes in population affecting rates of pauperism.8 Mr. Booth -No. 36, 1890. The percentage of those aged 65-70 relieved is double the percentage of those aged 60-65. 6 The proportions for 1891 are given in Mr. Booth's "Aged Poor Condition," Appendix A, and served to check my figures for tllat year. 7 For examnple, take the following extract from the " Daily Chronicle,"' 19th August, 1897-it is reported from the East Ashford Union that " the wlhole of tlle "farmers have petitioned the assessment committee to reduce the rateable value "of their lholdings by 30 per cent. The committee have decided to make a per-"manent reduction of 25 per cent." It is obvious that this method of leaving things alone for a long while and then making sweeping reductions, would tend to maike changes in rateable value quite meaningless. 8 E.g., " Economic Journal," iv, p. 473, and elsewhere in same article. I am has gone further and put forward the view 9 that " increased wealth " is the cause alike of (a) decrease of pauperism, (b) increased proportions of urban populations, and (indirectly) (c) chaniged "policy of administration "-less out-relief being usually given in urban than in rural unions, and so the decrease of out-relief due to the " urbanisation " of the country. The use of " chalnges " of population" as one variable will enable us to test this theory.
These four variables were the only ones finially used, viz.
Pauperism, Out-relief Ratio, Proportioni of Old, Population.
They are all straightforward quantities, and all quite sufficiently reliable for the purposes of this investigation.
The third only-proportion of old-is rather iincertain in urban unions.
Measurement of Changes.-The changes in all these quantities were invariably measured as percentages. Thus, for example, let Pi be the pauperism of any union in 1871, P2 its pauperism in 1881, then by the change in the pauperism during the decade I mean 100 Grouping of Unions.-It seemed desirable for several reasons not to take all the unions of the Kingdom together, but to split them up into two or three groups, graded from rural to urban. For this purpose I have used the classification by density of a former paper,'0 a classification which was convenienit in use and gave groups of a suitable size. The groups are as follows: not sure hiowever whetlher Mr. Loch is not tlhilnking solely of the effect of increase of population in lowering the age distribution. The densities referred to are densities in 1891," and were taken from Appendix A to Mr. Bootlh's "Aged Poor." The limit of density (0o3) to the "Rural Group" was suggested by the Agricultural Unions investigated by the Labour Commission. The mean density of these (unweiglhted) was 0o25 per acre, but the slightly highier limit here adopted included thirty-four out of the thirty-eight. The lower limit to the "urban" groupone person per acre-was suggested by Mr. Booth's Group XLV,'2 et seq. (mostly ulban or semi-urban, alnd so on). The groupirng is of course quite rouglh. I only claim that Group III is on the average urban in character,-it contains all the great town unionswhile group I is on the average rural.
" Economic
The classification seems to be very well justified by results. Of course when one considers the way in which so mnany unions are made up of a piece of town and a piece of country, or a whole town with a lot of surrouniding country, it is obvious that anly definition of an "urban union must be somewhat arbitrary.'3 As I have already mentioned, the present paper deals with ENGLAND ONLY, not Wales.
Boutndary Changes.-A certain practical difficulty occasionally arises from alterations of boundary in the unions concerned. In estimating the changes of population, such alterations have been allowed for by correctinig the area for the later date to its boundarv at the earlier date. The data for doing this are very conveniently collected in the Registrar-General's decennial supplements. But
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as regards the other variables, the boundary changes have been simply neglected. I do not see how this can lead to sensible error. The change in boundary could hardly affect any relation betweeni proportion of old, or out-relief ratio, and pauperism, unless it very largely altered the industrial character of the unioln. But changes not only of sufficient extent, but of such a character as to do this are extremely few. The following is a brief summary of the effects in shifting population of all the changes in both decades;" it will be seen that the alterations of 1871-81 were not only more in number, but more important than those of 1881-91. There were nine alterations of boundary in the earlier decade in whicLh a shift of population of 20 per cent. or more was produced, and only two in the later decade, or i -6 per cent. and 0o3 per cent. respectively of the total number of unions investigated. The first step towards the calculation of the regression equation in the case of a moderately large number of observations, is the formation of a " frequency table " for every possible pair of the variables.
These were formed for each of the groups of unionls, for both decades, except in the case of the metropolitan group which contained only thirty-two unions; only the figures themselves were tabulated for this group. Altogether the results were contained in thirty-eight tables, which I had desired to include in the Appendix. As, however, they would have occupied twenty or thirty pages of the Journal, the Cou-ncil considered they would have made the paper too long for insertion. The manuscript tables are in the hands of the Assistant Secretary, and can be seen by anyone who desires to examine them."5 The changes were, with a few exceptions, grouped by steps of Io per cent., e.g., 15-25 2 5-35, &c.
The original values of the pauperism, out-relief ratio anid proportion of old in each year were worked out to three figures, and from 14 Of course there are numerous small changes of parish boundaries, &c., which have not altered the boundary of the union. 15 Seven tables are now given as specimens in the Appendix, pp. 281-286.
1899.] in England, chiefly during last Two lntercen?sal Decades. 257 these the percentage ratios were worked to the nearest unit per cent. An exception had, lhowever, to be made in the case of aniy ratio corresponding exactly to a dividing line between two groups, e.g., 55 per cent.; in this case the ratio must be carried a figure farther, if it be then 54g7 or 54 9, it will go into the Group 45-55, but if it be 55'i or 55 3, it will be booked into row or column 55-65. If, however, the ratio really worked out to exactly 55, without approximation, theln the figures on which it was based were carried out to another digit or more, and the percentage ratio recalculated to as many figures as need be; this might alter it from, say, 55 to 55'oo2, and it would go into Group 55-65. This procedure never failed to save the niecessity of splitting a union between two rows or columns."6 After the frequency tables have heen formed, the fundamental constants, viz., means, standard deviationis, and correlation coeflicients must be calculated. These are giveni in Tables I anid II of the Appendix. There being foulr groups of unions and six corr elation coefficients to each group, there are twenty-four correlation coefficients (gross or total) to each decade, or forty-eight in all.
The means are, of course, simply the averages of the frequency distributions, not loaded averages in which each union is weighted proportionately to its population. Thus the average of the changes of pauperism in any group is not the change in the percentage of the whole population of the group in receipt of relief, nor is the average of the changes in proportion of old the same as the change in the percentage of the whole population over 65. Perhaps it may also be added that neither would the mean of the unloaded changes (as given) be the same as the change of the uniloaded means. The differences between the two kinds of average are not as a rule very large, being generally of the ordel of 2 or 3 per cent. ; the greatest divergences coccLr in the case of the small metropolitan group.
When all the fundamental constants detailed above are given, any desired regression equation can be immediately calculated without further reference to the frequency tables.
Regressionz Equations of Pa'Terism.
A mere inspection of the frequency tables and the table of means (Table 1 , Appendix) served to bring out some general points of considerable importance.
Such an inspection showed for instance that pauperism and out-relief, anid lproportion of old la For working cut Lhe three digit ratios I used a slide rule (50-cm. Gravet, or else a z-ft. Hannyigtoii rule). For longer aritlimetic, the "Brunsviga" nrithmometer proved itself invaluable. Witlhout such inechlainical aids to calculation I could scnrcely have undertalken tlme piesent work. and population are the only pairs of variables in 'which there is any very marked correlation. In all the pauperism and out-relief tables the trend of the entries downwards from left to right was fairly obvious, indicating a tendency for pauperism to decrease togfether with out-relief ratio, and vice versa'. Conversely, in the pauperism and population tables the trend of the entries was obviously downwards from right to left, i.e., the unions with the greatest inlcreases of population had on the average the smallest increases (or greatest decreases) in proportion of old. But the trend is not nearly so obviouis in all the otlher cases, with only one or two exceptions. Hence we need niot, expect to find a very close relation between changes in pauperism and changes in populationi, or in proportion of old-a rather disappointing conclusion.
Next turning to Table 1 , and comparing the mean changes in pauperism and out-relief ratio, we see that in the decadc 1881-91 there were decreases in the pauperism of the rural and mixed groups against increases in their out-relief ratios, while in the earlier decade and the frequency tables we see a decrease in the onie corresponding to a decrease in the other. Hence change in out-relief ratio could not be the only factor influerncing chaniges in pauperism. Again, in the earlier decade in the urban groull a decrease of 26 per cent. of pauperism stanids against a decrease of 36 per cent. in out-relief ratio, while in the rural and mixed groups there are decreases of as much as 34 per cent. in pauperism against decreases of only 20 per cent. in out-relief ratio; this again seems to point to other factors.
But all such conclusions, based only on inspection and means, are necessarily somewhat vague and uncertain. Let us proceed at once to the consideration of the regression equations. These are given in Table C We may now proceed to colnsider these regression equations from the point of view of (1) changes not accounted for; (2) chalnges credited to fluctuations in proportion of old or in populationl; (3) changes credited to alterations of out-relief ratio.
(l.) Untaccoutnted Changes.
Two totally different quantities must be carefully distinguished uinder this head, both, however, indicative of the inadequacy of the variables unsed to completely account for all the chang,es that have taken place in the rate of pauperism.
First there is the percentage of standard deviation round regression equation to standard deviation rouind mean, given in Col. 10 of Table C . This is a measure of the extent to which all the c7hanges in all the individual unions have been accounted for, or explained.
It must be noted that we need never expect to do this entirely, for two reasons: (1) Because a certain proportion of anl the changes, and of each change, must be of a purely chance claracter, i.e., due to unspecifiable causes like the changes in numbers thrown in casts of dice. The standard deviation of such chainges one would, however, expect to be small relatively to the total standard deviations that occur (Col. 9, Table C).
(2) Because we have only used a linear relation between pauperism and the other variables; the real relation is almost certainly more complex.
Makilng full allowance. however, for both of these facts, it ought to be possible to reduce the standard deviation round the mean by more than the Io per cent., which is all that is accomplished (in both decades) in the " mixed group." The rural group is a little better with 13 per cent. reduction in 1871-81 and i6 per cent. in 1881-91. Only in the metropolitan group does the reduction attain the comparatively satisfactory magnitude of 37 per cent. in the earlier decade.
But in addition to this failure to entirely account---or even . ), but alterations in out-relief ratio, &c., would account for a greater, so there is a balance left on the increase side of the account. Now these " uinaccounted " changes vary in a most remarkable way from group to group. Whatever the factors to which they are due, there was, in the earlier decade, a large unaccounted decrease in the rural group tailing off to a considerable increase in the metropolitan group, while in the later decade there are unaccounted decreases of roughly equal magnitude (I I-'7 per cent.) in the first three groups, and a very small increase in the metropolitan group. Thus in both decades the metropolis appears somehow to have come off worst. Some light will be thrown on these changes by subsequent discussion.'9 So far as one can say at present, they may be due either (1) to administrative changes, of which out-relief ratio is an inadequate measure, or (2) to economic changes, &c., of which the fluctuations of population are an imperfect index. In any case, it must be carefully borne in mind that they are quite different in magnitude and direction to the changes in total pauperism.
(2.) Changes in Proportion of Old anid Population.
In considering either of these variahles by itself, one might be greatly led astray, owing to the very close connection between the two. Taking the "proportion of old " by itself, there might be an apparent considerable change of pauperism due to a small change in proportion of old. But in point of fact only a small fraction of the whole change in pauperism might be so due dZirectly, for the change in proportion of old will be in general accompanied by a corresponding change in population, indicative of a change in general prosperity. Hence the real interpretation of the facts might be that the change in pauperism was due partly directly to the change in proportion of old, partll to the change in prosperity, indicated indirectly by the changes in proportion of old 262 YULE-Investigation into Causes of Changes int Pauper ism [June, and in population. Precisely similar remarks will hold good with regard to the chaiiges of population.
The changes in age distribution that they connote, and the changes in prosperity that they indicate, must be kept carefully distinct. In the regressioni equations of Table C this is done automatically; the changes in. proportion of old and in population both eniter separately, and the corresponding regression coefficients give the changes due to either variable independently of the other, i.e., whlen the other is kept constant. Now, in looking down Col. 7 (population) of Table C , the first point that catclbes the eye is that three of the regression coefficients are not negative, as onie would in general expect, but positive, viz., the coefficients for the rural and mixed groups in 1871-81, and for the rural group in 1881-91.
That is to say, in these groups --or at all events the raral group, for which the results are the same in both decades-the more the populationi ilncreased or the less it decreased, the miore did pauperism increase or the less did it decrease (age distribution being kept constant). Thus, so far as the evidenzce goes, the decrease of population in the rural group was beneficial, though the accompanying increase in proportion of old more than counterbalanced the advantage. "So far as thle " evidence goes " is a necessary qualification, for, in point of fact, the probable error of the regression in 1871-81 is about I 26 times the regression coefficient itself, and in 1881-91 about o070 of it. A coefficient-or the sign of a coefficient-is not, however, necessarily in error, even if it be within the probable error, and the signs of the two coefficients for the rural group agree.
If any weight can be attached to the sign, the result is instruetive. First, it suggests the economic reasonableness of the "'rural exodus." The fact that pauperism hias decreased most where population has decreased most, is suggestive of severer pressure than the lurid attractions of town on the country-bred mind. Secondly, I think the result demands some scrutiny of the idea-perhaps I should say my idea-that the rate of increase of population would be a measure of the r ate of increase of prosperity.
I intended by the use of "prosperity" in this connection to imply some measure of, so to speak, " prosperity per " head," e.g., rateable value of the union per head, or something of that sort. Now if the total rateable value of a union increases faster than its population, the value per head will increase; if ag,ain the total value be decreasing, but the population decrease slower, the value per head will decrease-but only under these circumstances.
That is to say, if in either case the changes in population lag behind the changes in available wealth, there will be a positive association of growth in population with growth in 1899.] in England], chiefly ditriyq last Two Intercensal Decades. 263 prosperity. This was partly the idea on which I went in usino changes in population as one of the variables.
But this positive association need not necessarily imply a positive correlation betweeln deviations, as a little consideration wvill show. Suppose the total rateable value, for in-staniee, in eacl of a certain group of unions to decrease by about the same amIount. The population in them all will then probably decreasethis is the positive associationz. But the value per head will lhave decreased least in those unions where the population has decreased miost, and this is ntegative correlation.20 This, I think, is roughly the state of affairs in the rural group. The decreasing population pointing to decreased prosperity, but beinrg beneficial inasmuch as it makes the decrease less than it would otherwise be. This doulble-sidedness renders change in population however a somewhlat unsatisfactory measure.
As the correlation of pauperisin with populatioln is negative in all the remaining groups, the conditions existing in them miust be quite different. If the wealth-per-head in them be increasing, then it is increasing most rapidly in those unions wlhere the population itself is increasing most rapidly.
Passing on now to the regressions of pauperisam on proportion of old, there are again two exceptions to be noted to the natural sign, viz., in the urban and metropolitan groups in the earlier decade, and the question again arises what interpretation is to he put upon this.
First of all the regression coefficients are very small with regard to their probable errors, the probable errolr i the urban group being I@9I times the regression itself, and 4 42 times it in the metropolitan grouip. But again the similarity between the equations in the two similar groups is rather striking. If any physical initerpretation is to be sought, it can only lie in the omission of some variable with a strong correlation of either sign with pauperism, but the opposite signi with proportion of old. At the same time it is probable that the two regressions though positive should be small. for any one union; or in words -the percentage ratio of pauperism is equal to the percentage ratio of proportion of old multiplied by percentage ratio of old age pauperism percentage ratio of proportion of old to total paupers. The smaller the fractioni the smaller will be the percentage ratio of pauperism relatively to the percentage ratio of proportion of old. Now in 1871-81 the increase in the proportion of non-able-bodied to total paupers was very large, and so probably the increase in the proportion of old to total paupers. This would make the above fraction small, and consequently the niet regressions (pauperism on proportion of old) small or even negative-as they are. In the following decade, however, there was conparatively little change in the proportion of non-able-bodied or old, and the regressions might be expected to increase-as theys do. This discussion has been rather lengthy, owing to the complexity of the changes involved. Summarising, we may say: The regressions of Pauperism2" on Population tend to be negative in the more urban, but positive in the more rural, groups, the decrease of population in the latter being, consequently (per se) beneficial.
The regressions of pauperism on proportiou of old are small in the earlier decade, relatively large (03-1-4) in the later decade, this increase being probably due to the smaller change in the proportion of old to total paupers.
The next group of regression coefficients afford no difficulties corresponding to those dealt with above. The net or partial regressions of pauperism on out-relief ratio are positive without exception. Since they are partial and not total coefficients, the correlation they indicate between increase of out-relief ratio and increase of pauperism (and vice versa) cannot be explained by any imagined correlation of decrease of outrelief with decrease of old or increase of population. Unless, and until, then, it can be shown that some other quantity whose chainges are closely correlated with changes in out-relief ratio can account for this observed association, there is no alternative to considering the result as indicating a direct influence of change of policy on change of pauperism. I hope to give f Lirther investigations on this important point in my next paper; so far as these investigations have gone at present, they indicate that while the out-relief ratio does tend to rise in bad times and fall in good times (as one might expect), such causation is entirely inadequate to account for the phenomena observed, at all events in the decade 1871-81.
The following may for the present carry some conviction. I have drawn on the annexed plate the following four curves in the order given fiom top to bottorm 2 (1.) Total pauperism. (2.) In-door pauperism. Lunatics and vagrants excluded in both cases; both curves based on 1st January returns, and for England and Wales.
(3.) Marriage-rate, England and Wales. (4.) Vagrants per thousand of the population-lst January, and England and Wales also.
All these curves are drawn to different scales, so as to throw up their respective fluctuations to about the same amplitude. Now it will be noticed that the curve of in-door pauperism follows the fluctuations of the marriage-rate23 inversely, rising when it falls and falling when it rises with, on the whole, most remarkable regularity.
The one marked divergence occurs simultaneously with the abnormal fall in marriage-rate at some time during the period 1873-79. The curve of vagrancy exhibits a similar hut much less strongly marked agreement. But when we turn to the curve of total pauperism, we see that there is nothing whatever in the marriage-rate to account for the tremendous fall between 1870 22 For figures on which the curves are based, together with out-relief ratio, vide Table 41 of Appendix. 23 I took the marriage-rate as the economic barometer, as it seemed to follow the fluctuations of pauperism more closely than the curve of exports per head. It is interesting to coinpare this plate with the diagram of Dr. Ogle (" Marriage-"Rate and Exports," Journal of the Royal Statistical Society, Part II, 1890), and the more recent work of Mr. R. H. Hooker on the same subject (" Proceedings," Manchester Statistical Societv. January. 1898).
VOL. LXII. PART II.
T and 1880. We would expect a corresponding large rise in the marriage-rate; there is nothing but an abnormal fall. The maximum of in-door pauperism in 1880 is only slightly less than its maximum of 1869-70; the maximum of total pauperism is only a little ripple in the general curve. Now if the curves of in-door pauperism and of vagrancy have this general correspondence with each other and with the marriage-rate, it can only be concluded that they are chiefly influenced by the general social and economic condition of the country.
But the curve of total pauperism shows no such correspondence in its greatest change, but only in its " ripples." Therefore this greatest change must have been effected by some factors other than the economic; administration seems the only alternative.
To pass on to another point: although the regressions of change of pauperism on change of out-relief ratio show such a satisfactory agreement in sign, they differ very considerably in magnitude. The regressions in the mixed and rural groups are in both decades smaller than in the urban and metropolitan groups, and comparing group with group the regressions in the second decade are uniformly smaller than in the first. Now does the latter fact imply a decrease in the efficiency of the anti-oul-relief policy?
The point is arguable, but I think it does not. Consider a union or group of unions in which the out-relief ratio is reduced by equal steps in, say, two successive decades; and suppose the reduction to be perfectly " effective," in the sense that none of those refused out-relief come to the house. Farther, suppose industrial or economic conditions to remain unaltered. We may then suppose (vide supra) the rate of in-door pauperism to remain unaltered. Let I be this unaltered rate of in-door pauperism, and 01 02 03 the three rates of out-door pauperism at the beginning, nmiddle, and end of the twenty years period considered. Then the coiidition that the percentage reduction of out-relief ratio shall be the same in the two decades, gives 
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But this is tr-ue ex hypothesi. That is to say, although the reduction of out-relief ratio continues to be " perfectly effective " in the natural sense above given, the accompanying redactions in pauperism will necessarily be reduced. We may expect then future regressions of change of pauperism on change of out-relief ratio to be somewhat smaller than in 7I-8I.
But I think a further cause has come into play, viz., that very large and rapid decreases in out-relief ratio are more effective in proportion to their magnituide than small ones.
I have drawn fig. (1 illustrate the point, the partial regressions of pauperism on outrelief being there plotted to the mean changes in out-relief ratio, and the pair of observations corresponding to each group joined by a straight line. The whole trend of these lines is downwards, from left to right, the lower regressions all corresponding to smaller reductions or small increases in out-relief ratio. There are no data to suggest what would be the regressions for large increases.
Judging, however, from the appearance of the tail ends of the correlation tables, I do not think they would attain high values, probably asymptoting to some such figure as 0 5-o02 5. Obviously there still remains over, besides this difference due to mean change, a considerable difference due in some way to the differences of the groups; all the straight lines of fig. (1) standing quite apart from one a-nother. These might conceivably be due to differences of the initial rates of pauperism in 1871, on which the reductions of out-relief were made, but I have not had time to work up this point.
Relative Importance of the Different Changes Discussed.
After this review of the magnitudes and signs of the different regressions, it is necessary to discuss the importance of the changes in each of the variables, as measured by its contribution to the total mean change in pauperism. It is obvious that a variable might have a very high correlation with pauperism, and yet contribute next to nothing to any change in the same if it changed but little itself. The importance of the variable in the above sense depends both on the mean change and on the regression.
Using the regression equation for each group from the former Table C The balance is, of course, from the construction of the regres-24 I have used a digit less here than in the other tables, so there are differences of a unit in the last place. AU the means used below are of course the unloaded means of Table 1. sion equation, the same as the actual decrease, i.e., the actual decrease is the balance struck between the opposing factors. To save space I have entered all the remaining "balance sheets," constructed in precisely the same way, in tabular form (Table D) below. This table brings out extremely clearly the varying importalnce of the changes duLe to out-relief in the different groups. In the decade 1871-81, for irnstance, the changes due to changes in outrelief ratio are only about a quarter of the whole in the mixed and rural groups, three-quarters of the whole in the urban group, 
64)
It is obvious from this table that not onily do the results differ greatly from group to group, but that taken as a whole the results for the two decades are totally different. A very large part of the decrease in pauperism in 1871-81 was (as already suggested oy the marriage-rate curve) due to change of administration; practically none of the decrease in the later decade can be so explained.
These important figures of Table E can in some cases be roughly checked by an independent method. Taking the frequency table for any one group for pauperism and out-relief ratio, find the mean change in pauperism for those unions in which there was nio sensible change in out-relief ratio. This will give the change in pauperism not due to altered administration, and, by subtraction from the mean change in all unions, the portion that is due to changed administration. The figures so obtained correspond of course to the gross and not the net regressions; i.e., in the above working25 it is assumed that other conditions in the two sets of unions are the same. The check is further very rough, as there are very few uniions in the zone of " no change in out-relief ratio " (or changes only between + 5 per cent.). The following will serve as illustration. In the rural group 1871-81 the mean change in pauperism in the array of unions for which the changes in 25 Strictly, for " due to " read " associated with." Changes in proportion of old and in population were much the same in the two grouips in all cases. The assumption could not have been made, I imagine, had the kingdom been taken as a whole.
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The method was inapplicable to the metropolitan group for 1871-81, as there were no unionis that did not make large changes in their out-relief ratio.
The results for all the other groups are collected in Table F above, and are very satisfactory on the whole,26 the agreement being quite as good as one could expect, considering the small numbers on which the results of the second method are based. The results of the regression equations, being based on the whole number of unions in each group, are muclh the most reliable of the two.
The next problem is to obtain in some way from Table E The two halves being about equal in population, an average would give total decrease in pauperism IO per cent., decrease due to change in out-relief IO per cent.
But yet it would be misleading to say that change in out-relief would account for the whole change in pauperism. It would account for a change equal to that which took place, but the differences between the groups must in such a case be borne in mind. This difficulty does not occur to the same extent in the earlier decade, as there are no increases, but only decreases both in pauperism and out-relief ratio. 
YULE-Investigation inzto Causes of Chanages in Pauperism [June,
Such as the figures are, I thought it best to strike the average by loading each group in proportion to its mean population during the decade, averaging the total decreases and decreases credited to out-relief separately, and then taking the ratio of these separato averages. The populations of the groups to the nearest io,ooo are given in Table G Thus, according to these figures, change of out-relief contributed practically nothing one way or the other to the change of pauperism during the decade. But the figures are comparatively unreliable. In England, as a whole, the decrease of pauperism was I5 per cent., against the 8-7 per cent. above; and there was a decrease of 9 per cent. in out-relief ratio, against a very slight increase obtained by our method of averaging. For a decrease of 9 per cent. of out-relief the regression (vide fig. 1, p. 267 ) would be about o03, so this would credit a decrease of 277 per cent. of pauperism to change in out-relief, or about one-fifth to one-sixth of the whole. Considering this disagreement, I do not think one can say more than that changes in out-relief contributed little, or possibly nothing, to the whole change of pauperism during this decade. This is not, as I have concluded,2" because the antiout-relief policy ceased to be efficient, but because it ceased, practically speaking, to advance.
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I think it may be well to summarise briefly at this point the argument that the decrease in pauperism durirg the decade 1871-81 was chiefly due directly to a change of administration resulting in further withholding of out-relief.
We know, to begin witb, that in certain notorious cases, (Atcham, Brixworth, &c.), where an aniti-out-relief policy lhas been initiated-quite from without anid apart froin any reference to change in industrial or otlher conditions of the union-that policy hias resulted in a great reduction in the numbers of those relieved, not to mention that reduction of out-relief was the chief aim of the new poor law to the same end. These facts render it probable a priori that the relation between changes of out-relief and changes of pauperism, in any case where the two are found to accompany one another, is of the same character as iii these well-known cases, or as I have called it a direct relatioil. Now our tables show that invariably (in all the groups and in both decades) the greatest average reductions of pauperism accompanied the greatest average reductionis of out-relief ratio. It is at least probable, as remarked above, that the relation between the two changes is direct. But the followilng facts seem absolutely to exclude any other interpretation:-(1.) The reduction of out-relief ratio cannot be due to increasing density of population (as suggested by Mr. Booth29), for changes of populationt have been separately allowed for in the regression equations. Neither can it be due to changes in proportion of old for the same reason. So that changes in pauperism and out-relief ratio cannot be due to either of these as a common cause.
(2.) The reduction of in-door pauperism during the first decade was only very small compared with the reduction of total pauperism. But the changes in in-door relief follow the fluctuations of the marriage-rate, and so may be ascribed to general economic causes. Therefore the chang,es in out-relief ratio and in total pauperism caninot be so ascribed. Changes of administration and of total pauperism must be due to somlething other than economic changes.
(3.) It should also be noticed that the standard deviations of changes in out-relief ratio are very much greater in the second decade than in the first. This is exactly what might be expected if there was a general tendency to reform in the first decade, a tendency that gradually disappeared to leave behind it nothing but the chaos that still subsists.
Granted, for these reasons, that the relation between the reduction of out-relief and the reduction of pauperism was direct, the mean reduction of out-relief is sufficient to account for more than half (g) of the change in pauperism in the earlier decade.
The idea that the whole change (in the earlier decade) is not entirely due to changed administration, is borne out by the fact that from 1871 to 1876 or thereabouts, the reduction of 40 per cent. in total pauperism was accompanied by a reduction of I 5 per cent. in in-door pauperism; probably connoting an almost equal reduction in total pauperism not due to reduced out-relief. It is true that from 1876-80 there was again a rise in in-door relief, leaving a reduction on the whole of only some 2 per cent. from 1871-81, but it seems likely that this rise was a little abniormally large owing to the reduction of out-relief during the decade. Where the proportion of out-door relief is large, economic pressure will probably chiefly swell the numbers of out-door paupers; if it be greatly reduced (administratively) the pressure will hare to be taken by the in-door numbers. Apparently during the whole twenty years there have been some almost steady factors (other than administration) at work, tending to reduce pauperism. What are these factors is a question that must b, left for future discussion, but I hope further work may throw soi 9 light, on the subject.30 Meanwhile it occurred to me that if these " unaccounted " changes " were due to changes in the general economic conditions of the country, they should correspond in sign to the changes in in-door pauperism in the different groups. This seemed probable at least from the curves shown on the plate. I confess, however, that even with that diagram, before me, the great differences, even in sign, between the actual changes in total pauperism and the unaccounted changes (e.g., in metropolitan group, actual decrease 50 per cent.; uniaccounted increase, I 3 per cent.) gave me but little hope of my idea being verified. The actual results, as given below, surpassed my expectations:
they afford a further confirmation of the hypothesis that changes in total pauperism do not follow closely changes in economic or other non-administrative conditions:- 30 The great differences between the unaccounted fractions in the differexut groups in the different decades are the puzzling point. The changes in in-door pauperism given are the changes of the percentage of the population in receipt of in-door relief, as these were easier to calculate than the unloaded means. Without any exception, save possibly the urban group in 1871-81, the sign of the unaccounted change is the same as the sign of the change in in-door pauperism. Moreover the magnitudes of the two changes correspond, closely in the second decade, roughly in the first. Thus the curious distribution of these unaccounted changes from rural to urban, and the differences between the two decades, are substantiated by the changes in ill-door relief.
Seeking for the causes of the one, we are seeking in all probability for the causes of the other.
Kniowledge of this may facilitate the search, for the change in in-door pauperism will give us a measuire of the " unaccouLnted change," or change due to economic factors, for each individual union.
Regression Equations of Out-Relief Ratio.
It remains for us to discuss in the same wvay the manner in which, if at all, the out-relief ratio appears to have been affected by changes in proportion of old and in population.
I have not included changes in pauperism in these equations. Of course, inasmuch as change in out-relief ratio helps to estimate change in pauperism, change in pauperism would help to estimate change in out-relief ratio -but it is diifficult to imagine any causal relation between the two, such that pauperism should influence out-relief ratio.
The eight regression equations are all included in Table I below, the net or partial correlation coefficients of out-relief with changes in old and population being given in addition in the last two columns. The only conclusions that can be drawn are, I think, negative, viz., that out-relief does not appear to be largely or regularly affected either one way or the other by changes either in proportion of old or in population-or at all events by changes of such miagnitude as occur within a single decade.
Summary of Conclusions.
Changes in rates of total pauperism always exhibit marked correlation with changes in out-relief ratio, but very little correlation with changes in population or in proportion of old in the different unions.
Changes in out-relief ratio exhibit no correlation one way or the other with changes of population or proportion of old.
It seems impossible to attribute the greater part, at all events, of the observed correlation between changes in pauperism and changes in out-relief ratio to anything but a direct influence of change of policy on change of pauperism, the change in policy not being due to any external causes such as growth of population or economic changes.
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Assuming such a direct relation, it appears that some five-eighths of the decrease of pauperism during 1871-81 was due to chaniged policy. The decrease during 1881-91 cannot be so accounted for, policy having scarcely changed during that decade.3"
In both decades there were considerable changes in pauperism not accounted for by changes in either out-relief ratio, population, or proportion of old. These unaccounted changes were decreases in the more-rural groups, but increases in the metropolitan group in both decades. The unaccounted changes are the same in sign, and of the same order of magnitude as the changes in in-door pauperism, and so are probably due to social, economic, or moral factors.
I wish to say, in conclusion, that I do not consider this paper as in any way complete; I have purposely called it Part I. The large changes that have had to be left for the present as simply " unaccounted for," obviously demand further investigation.
The chief difficulty of investigation lies in the lack of statistical measures of changes in single unions; I would be very glad of any suggestions on this head. The handling of the couanty as the unit instead of the union would be highly unsatisfactory in many ways. The results of the present memoir must thus, to a certain extent, be considered as only preliminary.
I hope in my next paper to complete the investigation on the present lines, by the treatment of the Welsh unions-which I fear must be taken as a single group-and then to proceed to the discussion (1) of the " unaccounted " changes; (2) of the economic correlations of changes in out-relief ratio. The following tables have been selected from those accompanying Mr. Yule's paper. Though the exigencies of space in the Joutrntal do not allow the fulfilment of the desire of those who wished the tables printed in extenzso, it is felt that the publication of a representative selection from them may bridge over the difficulty by at least illustratinlg tho methods pursued by the author in compilinog them.
For an example of reading the tables, take Table I The paper interests me especially because it aims at meeting a defect to whlich I lhappelned to allude at a debate on a previous paper of Mr. Yule's, to wbhic I had the pleasure of listening some three years ago. In that paper certain changes in pauperism were studied, and I expressed regret that the method did niot permit their association with their causes. The present extension of the method has achieved that desirable end--at any rate in part. I am too well aware of the mathematical and aritlhmetical difficulties which prevent the achievemenlt of all Mr. Yule would desire in that respect, to wish to dwell on the limitations of the present solution. If it bp not complete itself, it is a great advance on no solution at all.
The point which most attracts me in the paper is, however, one where I hardly feel able to agree with the writer. It is illustrated in the plate of four curves attaclled to the paper, and referred to on p. 266. Mr. Yule says: "Therefore this greatest change must have been effected by some factors other than the economic; administration seems the only alternative." It is with the penultimate word of the last phrase that I find it difficult to agree, and the diagram is precisely what suggests that it may not be a result of admiinistrative change. May it not be suggestecd that a growing degree of prudence or foresight might both reduce pauperism and the marriage-rate (the former perhaps, as seen, earlier than the latter) ? If the improvement in this respect were not continuously progressive, the practical exhaustion of its effect would leave both pauperism and the marriage-rate to fluctuate about lower means than those which had been disturbed by the change referred to. I hesitate to assign a cause, though the study of marriage-rates by Mr. Hooker, to which reference is made in the paper, seeras to establish the existence of a disposition to exercise greater prudence in incurring the responsibilities of matrimony in the later seventies.
This prudence might be stimulated by more careful administration of the poor law; but it may well be quite independent of it. The common indication of the pauperism and marriage-rate curves in their main outlines overriding the inverse relation of the ripples, as Mr. Yule himself notes, is a specially interesting point raised.
Mr. Yule invites suggestions of indices of the social factors in the problem. Miglht one suggest that an index connected with the marriage-rate, say, perhaps, the percentage of the population between 15 and 25 in each union who were married, is worth trying.
The marriage -rates themselves would be useless for unions, but such a figure from the census returns might give
Discutssion
[June, suggestive results. Perhaps, too, proportions of sex may be of as much importance as propor tions of aged in the population.
Though I hesitate, without closer study of the details, to differ from the conclusion of the author of the paper as to the very great importance of administrative changes, a conclusion I would gladly accept, the results shown in Table E , even with the confirmation afforded by Table F, do not appear sufficiently concordant to carry unhesitating conviction. It may be that the linear relation employed is not that really representingf closely the actual connection between the variables in question.
Perlhaps the smallness of the metropolitan and urban groups may affect their position in the table.
Mr. Yule has explained very skilfully the difficult features of the indices he obtains. The further ligbt he promises at a futura time may remove many of the stumbliDg-blocks whiich r emnain.
Professor F. Y. EDGEWORTH said hie had great pleasure in expressing his gratitude to Mir. Yule for the ingeniolus method which he had adopted. To give one illustration of the practical applicability of Mr. Yule's conclusions, he had seen in an influential publication a statement of the great increase of pauperism in Ireland, from which it was inferred there had been a corresponding diminution in economical validity; but if the writers had these considerations before them, they would have thoughlt it necessary, at all events, to inquire whether there might not hasve been clhanges in administration which would have accounted for a large proportion of the increase in pauperism. Mr. Yule's success was the more encouraging, because the case was not, particularly favourable for the applications of the method. He did not know that the statistics which Mr. Yule had collected with such labour complied with what might be called the normal law. Certainly those whiclh Mr. Yule had adduced in his former paper were far from niormal. They did not fulfil the law of error. Perbaps he went a little further than Mr. Yule in the importance which he attached to normality, but to him it appeared that if one diverged much fromn that rule, one was on an ocean without rudder or compass. This law of error was more universal perhaps than the law of gravity, and as MIr. Yule came to apply his metbods to moral and social phenomena, it would probably be found tlhat, even with regard to these, the law of error prevailed. It tended to prevail, in fact, wherever there were nuimerous independent agencies at work. The statistics under examinatfon may have fulfilled the law sufficiently well. But there were other phenomena to which the law would apply better, as, for instance, certain birth-rates and deathrates, and many other subjects to which he trusted Mr. Yule, in the course of time, would devote his attention. He mig,ht perhaps ask Mr. Yule if he could communicate his impression as to the degree in which the law was fuilfilled. He might also ask if Mr. Yule could throw any light on the connection between pauperism and the distribution of age, which he dismissed in his summary, but which in some cases, as, for instance, in the Metropolitan area, appeared not to be negligible.
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Mr. N. A. HUMPHiEYS said he should like to add his tribute of admiration for the great ingenuity and ability the writer of the paper had shown in dealing mathematically with one of the most complex of statistical questions. The author had admitted to some disappointment at the extent of the positive results lhe had attained, but he deserved the thanks of statisticians for having brought to bear on the subject a mathematical method which in the main corroborated the conelusionis which had been formed by more general observers who did not approach it from the same point of view. Of course the main fea ture in the pauperism statistics of the last twenity years was the nmarked deeline of general pauperism which occurred concurrently with a marked decrease in the proportionl of out-door relief. Tbe writer drew the conclusion that about five-eighths of the decline in pauperism might be attributed directly to what lie called " changed administration," by which term he miiainly meant the reduction of out-door relief. What, from a general point of view, it was mlost important to know was the real cause of that reduction. They were startled with the fact that out-door relief was reduced to this enormous extenit at a time wheln the proportion of in-door paupers remained constant. Was this reduction of out-door relief due to the rejection of applications unwarranted by real destitution, or was it due to deeply-rooted dread of the workhouse, wbhich prevented application for relief in cases of real destitution ? He thought that practical statisticians shouild endeavour to furnish impr oved statistical material to the mathematicians wlho were coming to their help by bringing more scientific methods to bear on statistical problems. He lhad always been struck with the paucity of the facts given in the Local Government Board statistics of pauperism. More detailed information respecting the ages of paupers in receipt of in-door and out-door relief in successive years, and of the physical condition of the inmates of workhouse institutions were urgently needed, as the workhouse was practically the hospital for chronic illness among the aged poor. If that information were regularly published for all the unions, it would supply a basis of facts whicih wouild throw infinite light on the question under discussion, and would help Mr. Yule and other mathematicians the better to arrive at the real causes of the fluctuations in pauperism.
Mr. E. W. BRABROOK said he had very little to add to what had been so pregnantly said by Professor Edgeworth and MIr. Humphreys, but he wished to express his sense of the gratitude they owed to those who applied the doctrines of mathematical analysis with so much ability and success to the search for the real inawardniess of practical questions like this. In regard to the subject of the paper itself. he said that medical relief, which Mlr. Yule included in his statistics of pauperism, stood on a different footilng to other modes of relief. With regard to That seemed to rather distort the proportion between the various curves, and olne might imagine that the similarity which was shown in these curves might not be so direct if they were all on a similar scale.
Mr. W. F. SHEPPARD drew attention to the omission' of the tables which originally accompanied the paper. There were thlree reasons why he was sorry these tables had not been printed. Iii the first place, it was very difficult to test Mr. Yule's conclusions, or even to follow the paper very closely, without havinig the tables at, hand for constant reference. In the secolnd place, he thought more attention ought to be given, generally, to the tabulation of statistics. The different stages of statistical reasoning ought to be kept separate. There was first the collection of the data; then their tabulation; then the development of mathematical methods of treating properly formed tables; and then the application of these methods to the particular case-this latter process being usually a branch of economics rather tlhani ofI statistics.
Of these four stages, the one which required most attention at the present time was the second. The tabullation of statistics was so often defective or inaccurate, that the development of accurate methods of treatment was retarded by walnt of sufficient material to work on. Finally, the main point about the present paper was that it was an example of the application of, practically, a new method. But the omission of the tables deprived the paper almost entirely of its value in this respect, because without them it was very difficult for the ordinary student to adopt the same method with regard to other statistics.
In Ho did not thinhk however that this was a question which wouLld ever be decided altogether by statistics. It was a question largely for experts in the administration of poor relief. Those connected with poor law administration had been able to notice in a great many cases that, if the strings were drawn tightly in the matter of out-door relief, they could immediately observe a reduction of pauperism itself. That was a thing wlhich they got to know from their daily observation, and wlhich they were quite certain would be confirmed, as it was always confirmed, by a careful examination of the statistics themselves. But it was not fair to say that thev were dependent for their information exclusively on the statistics, because they got it before the statistics, and the statistics were largely useful to them as eniabling them to see what had been done over a more extended field than that within their own observation. None the less, the work of Mr. Yule was useful to those who were practical students of the subject, and who had not an equipnment of mathematics. He slhould douibt extremely whether any applicationl of the mathematical method would enable one 1;o say that when a given effect of an economiical kind was produced in the community, it was possible to affirm that so much of that effect was due to one cause and so much to another. He had observed, at any rate, in the discussion of an analogous question-the question of the fall of prices-that a good many people had set themselves to say whether that decrease or fall of prices was due to something in money or something affecting goods, and they wished to discuss how mnuch was due to one cause and how much to the other. He thought that those who were accustomed to the complexity of economic causes arid effects must recognise that that was hardly the right way to go to work. The same might be said with regard to this questioil as to the effect of administration and the effect of the improvement of the community economically, and of the effect of the improvement of the community morally in reducing pauperism. Mr. Yule had attacked, and was still further going to attack, the problem a little from that point of view, and the point he should put would be that the practical case he miglht have to consider was not that of an effect which was partly due to one cause and partly
on Mr. Yule's Paper. 295 be something to set off due to some other cause, which had brought about a cha,nge in the opposite direction. The Chairman suggested that during, the period in which this great restriction in out-door relief took place there was also a great improvement in the moral character and industrial condition of the communitv, and so forth, and that the rate of pauperism would not have fallen so much if it had taken place under opposite conditions. He should have preferred to deal with these two things separately. The restriction on out-door relief was only one cause, and the other changes in environment had their effects separately. If the change in outdoor relief had not occurred, one could have got out the cha,nge in pauperism due to changes in industrial conditions and moral character: if these latter had not occurred, one would have got the change due to change in out-relief ratio: both having occurred, the total change would be the algebraical sum of the two. The change due to either factor separately need not be a fractional part of the whole change. He quite agreed it was a most difficult point to deal with in statistics, although at the same time he thought that this method could deal with such cases, provided one took into account all the important changes in the medium or environment. Of course the difficulty was that one might leave out some of those important changes. One could only deal practically (on account of the bulk of arithmetic) with some three or four changes, and in that way leave out changes in important factors. This might lead to fallacies.
